In continuation of earlier work, a set of 90 non-cyclic organic compounds was used to determine atom-in-molecule polarizability increments employing Metzger's combination of the semiempirical MINDO/3-FP method and a partitioning of the molecular dipole moment. The group contained alcohols, ethers, amines, amides, and carboxylic acids. More than one hundred arbitrarily chosen molecules were then used to evaluate the new set of increments. This set of compounds does not overlap with the one used to derive the increments. The molecular polarizabilities calculated employing the increments were found to correlate nicely with the corresponding "experimental" values determined by means of the Lorenz-Lorentz equation. Thus, the atomic increments together with the correlation equation provide access to polarizabilities which might for example be used to calculate the dispersion-and induction contributions to the lattice energies of organic molecular crystals.
Introduction
Previously we reported the results of a semiempirical investigation [1 a ] in which we calculated the molecular and atom-in-molecule polarizabilities of fourteen aliphatic amines using the MINDO/3-FP method together with a partitioning of the molecular dipole moment [2] . In spite of numerical differences the molecular MINDO/3-FP values were found to correlate nicely not only with the corresponding experimental polarizabilities, which can be calculated from densities, molecular weights, and refraction indices by means of the Lorenz-Lorentz equation, but also with those obtained by the method of Miller and Savchik [3] . Averaging the calculated polarizabilities of corresponding atoms in different molecules resulted in a set of atomin-molecule polarizability increments for hydrogen, carbon, and nitrogen which could be used quite successfully to predict molecular polarizabilities [1] . While our earlier investigation was carried out as part of our work on the protonation energies of aliphatic amines [4] [5] [6] [7] [8] , polarizabilities are also of high interest in many other fields like organic solid state chemistry. So, for example, they can be used together with molecular ionization potentials and atomic charges to calculate the dispersion [9] and induction contributions [2] to the lattice energy of organic molecular crystals. Otherwise these componentes are difficult to obtain [10] [11] [12] Reprint requests to Dr. Gerhard Raabe, Fax 0241-88 88-3 85.
since large basis sets of high flexibility are required to calculate them directly.
In this paper we report the results of further work which led to additional polarizability increments for atoms in olefins with conjugated and isolated double bonds, carbonyl compounds such as aldehydes, ketones, amides, and carboxylic acids, as well as for those in mono-and polyfunctional alcohols and ethers. Ninety molecules were used to determine the increments. A complete geometry optimization was performed for each molecule with the MINDO/3 method [13] , employing the standard program package [14] . The optimized structural parameters were then used to calculate molecular and atomic polarizabilities according to the method which has been outlined in more detail elsewhere [1, 2] .
Choice of the electric field strength in the elements of the modified H core matrix is by no means a trivial problem [1, 2] . On the one hand it has to cause a significant change in the molecular dipole moment, while on the other hand it should be still so low that hyperpolarizabilities do not play a significant role. In this paper we use a value of 1000 esu/cm 2 = 5.83 • 10" 5 a.u., which turned out to yield quite satisfying results in our previous study [1] ,
Results and Discussion
The molecules used to determine the polarizability increments and their calculated molecular polarizabil-0932-0784 / 97 / 0800-675 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72027 Tübingen [3] are listed. The influence of alkyl substitution on atom-in-molecule polarizabilities has been studied only for the methyl group. However, the effect of alkyl substituents different from methyl on the atomic polarizabilities of the heavy atom skeleton is not likely to differ significantly from that of the methyl group. Thus we believe that the influence discussed for methyl is a good approximation to the influence of other alkyl substituents, too.
Taking into account the modest size of the basis set employed within the framework of the MINDO/3 method and especially the lack of diffuse and polariza-tion functions it is not surprising that the MINDO/3-FP polarizabilities are clearly smaller than the empirical data (cf. Table 1 ). On the average the molecular MINDO/3 polarizabilities amount to 65% of the experimental values.
With a correlation coefficient of about 0.980 the relationship between calculated and empirical data is close to linearity as shown in Fig. 1 , where the MINDO/3-FP polarizabilities of 57 molecules are plotted against the corresponding experimental values.
Hydrogen
As before [1] we calculated a mean polarizability for the hydrogen atoms of each molecule and subsequently averaged those mean values over all molecules. The finally obtained average value for hydrogen is 0.187 Ä 3 and, therefore, essentially identical with the one obtained previously.
Oxygen

Alcohols
Among the alcohols considered in this study were mono-(2-9 a , cf. Table 1 .) and polyfunctional species (10) (11) (12) (13) (14) (15) (16) (17) (18) , amino alcohols (31-35), but also mixed compounds containing ether oxygen besides alcoholic hydroxyl groups (26-30).
The polarizabilities of the hydroxylic oxygen atoms are quite similar in all compounds of this class and thus calculation of a global average value does not cause any problem. If a molecule contains more than one hydroxylic oxygen atom, first the average value for each molecule was determined. The final atomic increment was then derived subsequently by averaging over the mean values of all members of the class. The increment to be used for the hydroxylic oxygen atom in alcohols obtained in this way is 0.372 Ä 3 .
Ethers
Substitution of the hydrogen atom in alcohols by an alkyl group, resulting in an ether (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , almost doubles the polarizability of the oxygen atom. The scattering range of the polarizabilities of the ether oxygen atoms is somewhat wider than among the alcohols a The numbers refer to Table 1. and the calculated general mean value is 0.631 Ä 3 for the ethers.
Aldehydes
The aldehydes have to be divided into two main categories: (i) those containing a C = C double bond which is in conjugation with the carbonyl group like 41-44, 46, 47, and 90, and (ii) such molecules which either do not contain an additional C = C double bond like 38 and 39 or where the C = C segment is separated from the carbonyl groups by a methylene group (40, 45).
For the carbonyl oxygen atom of the aldehydes which are either entirely aliphatic (including H 2 CO) or contain only isolated C = C bonds we calculated an average polarizability of 0.374 Ä 3 .
It is interesting to compare the polarizability of the carbonyl oxygen in cis b compounds 41, 42, and 90
with those in trans species 43, 44, and 46. On the average, the polarizability is 0.077 Ä 3 higher in the trans isomers. The corresponding increments are 0.365 Ä 3 for the eis and 0.442 Ä 3 for the trans isomer, respectively. The general mean value amounts to 0.403 Ä 3 .
Ketones
For the carbonyl oxygen of those ketones which do not contain C = C double bonds in conjugation with the C = 0 group (48-51) we obtained an average polarizability of 0.380 Ä 3 . Like in the case of the aldehydes, if the carbonyl group of the ketone is conjugated with an olefinic double bond, the polarizability of the carbonyl oxygen is higher in the trans than in the eis species. The mean value obtained from 54 and 55 is 0.449 Ä 3 . From 52 and 53 we obtain a value of 0.367 Ä 3 for the eis species. These polarizabilities are almost identical with those calculated for the aldehydes, indicating that the influence of the second alkyl substituent on the relatively remote carbonyl oxygen is only weak.
Carboxylic Acids
For the carbonyl oxygen and the oxygen atom of the hydroxyl group we obtained average polarizabilities of 0.361 and 0.406 Ä 3 , respectively.
Amides
The polarizability of the carbonyl oxygen in amides is almost independent of the number of alkyl groups at the nitrogen atom. 
An adjacent carbonyl group increases the polarizability of a nitrogen atom. This surprising result shows that the proton affinity of nitrogen bases is obviously not predominantly determined by the polarizability of the basic center. Compared with the corresponding amines the proton affinities (protonation of the nitrogen atom) of the amides are significantly reduced. Thus, for example, the proton affinity of methylamine (298 K) c calculated at theZPE + MP2/6-31 + +G**// HF/6-31 + +G** d level is R4 cal = 216.5 kcal/mol (experimental value: 218.4 kcal/mol [18] ), while the corresponding value for protonation of the nitrogen atom of formamide is 190.9 kcal/mol.
Three primary amides were considered (56, 59, and 62), from which we calculated an average value of PA cal = -A£ tot + 5/2 • R T, where R is the gas constant (8.31441 (26) J • moP 1 • K ~1 [15] ), T the temperature in K, and AE lot the energy difference between the protonated base (£, 01 (B + -H)) and the neutral molecule (E tot (B)) including zero point energy and correlation effects. ZPE + MP2/6-31 + + G**//HF/6-31 + +G** means that an ab initio calculation was performed with the 6-314-+G** basis set including correlation energy calculated with the MP2 method. The zero point energy and the geometry wave obtained with the same basis set at the one determinant level (Hartree Fock, HF). 0.662 Ä 3 for the polarizability of the nitrogen atom.
From the molecules 57 and 60 we got an increment of 0.880 Ä 3 for the nitrogen in secondary amides, while using 58 and 61 a value of 1.104 Ä 3 is obtained in the case of the tertiary compounds.
Carbon
In the preceding paper [1] we did not differentiate between carbon atoms in methyl-and methylene groups. In order to make our increment system more sensitive toward structural differences, we decided to determine not only separate increments for carbon atoms in formally different hybridization states ( 
Methylene Groups
The polarizability of the carbon atom of a methylene group is in general higher than that of a methyl carbon. Thus the value for those methylene groups which are bonded to a hydroxylic oxygen and another carbon atom is 0. is replaced by a methyl group, the polarizabilities of all four carbon atoms are further increased. Again, the stronger increase is obtained for the E isomer (76). In both, the Z-as well as the E-isomer, the stronger raise In molecules where only one of the vinyl groups (C 1 =C 2 ) of butadiene is substituted, the polarizabilities of the carbon atoms of the unsubstituted moiety (C 3 = C 4 ) only slightly depends on the number of methyl substituents in the former one. Thus, we used 76-78, 81, and 87 to calculate average values of 1.382 and 1.146 Ä 3 for C 3 and C 4 , respectively.
In the case of the higher substituted butadienes the relationship between the substitution pattern and the polarizabilities of the backbone carbons is so complex that it is the best not to determine any average values but rather to use the individually calculated atom-inmolecule polarizabilities. 110 arbitrarily chosen molecules were now used to test the derived increments. The molecular weights, densities and refraction indices used to calculate the corresponding experimental values are listed in Table 4 .
There is no overlap between this group and the set used to calculate the increments. Table 3 contains the molecular polarizabilities (a^w) calculated directly from the increments in Table 2 . At a correlation coefficient of | r | = 0.997 they correlate nicely with the corresponding experimental values. The correlation equation was then employed to calculate the polarizabilities denoted as a MW (cf. Table 3 ). The average difference between a MW and the experimental data is 0.34 Ä 3 , corresponding to a mean deviation of 2.7%.
a MW and a ex of the 110 compounds are compared in Figure 2 .
